Abstract-The
INTRODUCTION
The Autonomous Underwater Vehicle called Underwater Glider is by changing the difference of gravity and buoyancy and the position of the gravity center, the upward and downward motion in the vertical plane and the directional movement in the horizontal plane can be achieved [1] [2] . Because of the lack of propulsion devices such as propellers, underwater glider is more concealed and more efficient, and it can realize long distance voyage under water [3] [4] . Dr. Laszlo Techy of the Department of Aeronautics and Astronautics at the University of Washington has conducted a research on many algorithms of glider path planning based on the Seaglider glider [5] . The Shenyang Institute of Automation of the Chinese Academy of Sciences established the dynamic model of the underwater glider system and solved the expression of the spiral movements of the glider. The reliability of the theoretical results was confirmed in the South China Sea trial [6] .
The underwater glider is affected by ocean currents during the launch phase, which is prone to instability, and there are few studies on the glider launch phase and ocean current effects. Based on the fully structured overlapping grid technique, the finite difference method is used to numerically discretize the SST k-ω turbulence model. The 3 DOF equation is used to update the underwater attitude of the underwater glider. The movement characteristics of the underwater glider from launch to steady gliding stage under with the affecting of ocean currents are calculated and studied. The motion of the underwater glider in the vertical plane under different currents are analyzed.
II. NUMERICAL METHOD

A. Geometric model
The total length is 2.5m, the maximum diameter is 0.24m; the size of the swept wing is 500mm, the average chord length is 200mm, the aspect ratio is 2.5; the volume is 105.123L, the floating position is 1.278m, the maximum cross-sectional area is 0.0452m 2 . The model of the underwater glider is shown in Figure 1 . The coordinate frame should be divided into two types: the inertial coordinate frame and the body-fixed coordinate frame. The axis definition is shown in Figure 2 . 
C. Equations of motion
From the initial stage of diving to the stage of movement stability. The underwater glider performed the unsteady movement, and the unsteady motion equations of the vertical plane are:
=Gcos (y sin sin )
=G(x cos sin sin ) 
D. Meshing and boundary conditions
The overlapping grid method can divide the boundary of complex geometric model into several relatively simple geometric models. When dividing the grid, each simple geometric model can divide the independent and overlapping grids. Overlapping grids have the advantages of high efficiency, high calculation accuracy, strong wall simulation capability.
The computational domain and boundary conditions are described in detail in Figure 3 . The grid of the near-wall surface of the underwater glider in the basin is shown in Figure 4 . The grid of the underwater glider's wing is shown in Figure 5 . 
E. Turbulent model
In this paper, the turbulence equation adopts the Shear Stress Transport two-equation turbulence model, which is applicable to a wide range, to make the control equation closed. The equations of turbulent kinetic energy and turbulence dissipation rate are: 
III. RESULT AND DISCUSSION
A. Grid independence test
In this paper, the underwater glider direct flight is adopted as an example to research the grid independence. Three different numbers of grids, Grid-1, Grid-2 and the Grid-3 are established which are 4 million, 5.65 million, and 8 million respectively. The results of simulation calculation of resistance coefficients of speed of 0.5m/s and 1m/s are shown in table 3-1 below. According to the calculation results above, as the number of grids increased, the change of numerical simulation results is very small. It can be considered that the calculated results using grid-2 have been stable.
B. The simulation of the gliding stage
The glider's dive is achieved by changing the difference of the buoyancy and the gravity which is produced by the change of gravity and the gravity center, the difference of the position of the gravity center and the position of the buoyancy center, meanwhile, when the dive reaches a certain velocity, the glider is given a certain velocity and direction, and the changes of attitude and movement of the glider are predicted by software. The weight change amount is 1% of the weight of the glider, and the velocity of current is 0.5m/s and 0.25m/s, and the direction of current is 0° and 180°. The motion and attitude of the glider are monitored during the calculation.
The following is a simulation result of the weight increase by 1% while the position of the gravity center moving forward by 0.1%: It can be seen from the velocity and displacement diagrams that when encountering the forward current of 0.25m/s and 0.5m/s, the velocity and displacement increase with the increase of current velocity. When encountering the reverse current of -0.25m/s and -0.5m/s, the displacement and velocity in the two directions increased and decreased respectively, so the displacement and the velocity do not change significantly compared with no current. Pitch angle is maximum when the velocity of the forward current is 0.5m/s, while the angle is minimum when the reverse current is 0.5m/s. Moreover, the glider has a small positive attack angle when there is no current, and the angle of the velocity increases in the forward current, which is greater than the pitch angle of the underwater glider. The underwater glider has a obvious angle of attack. However, when the current is reversed, the glider's attack angle turns to negative.
IV. CONCLUSION
The main conclusions of this paper are as follows: (1) The velocity of the ocean current is very important for us to research the movement of the underwater glider. As the velocity of the ocean current increases, the pitch angle increases, too. The angle of attack is positive when the flow is positive. When the flow comes in the opposite direction, the attack angle is negative. (2) In this paper, the ocean currents is simplified to flow uniformly. However, ocean currents are more complicated flow state in reality. How to carry out the numerical simulation of underwater glider in complex ocean currents needs to be carried out in the future.
